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FOREWORD

The work reported herein, performed during the period October 1962 —
January 1965, was accomplished by the Cornell Aeronautical Laboratory, Inc.
(CAL), Buffalo, New York, for the Fluid Dynamics Branch, Seaworthiness
and Fluid Dynamics Division, Hydromechanics Laboratory of the David Taylor
Model Basin (DTMB), Washington, D. C. This research is part of the Bureau
of Ships Fundamental Hydromechanics Research Program, S-R009 0l 01,
administered by DTMB and performed under Office of Naval Research Contract
Nonr 3578(00). The project monitor for this program at DTMB was, initially,
Mr, J. Patton and, later, Mr. W, Souders. Dr, P. Crimi and Mr, J. M. Grace
of CAL conducted the study under the direction of Dr, I, C, Statler. Assistance

in digital computer programing was provided by Mr, H. Selib.
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ABSTRACT

The flutter characteristics of a two-dimensional hydrofoil near a
free surface are analyzed, with consideration given to the cases of both
one and two degrees of freedomn. The flutter equations incorpcrate lift and
moment as determined from an exact linearized potential solution, Free-

surface effects have been included without approximation,

Results indicate that for the system having two degrees of freedom,
the free surface has very little effect on flutter boundaries, despite the
large changes in hydrodynamic loading caused by foil-induced surface waves.
When the hydrofoil was constrained to move only in pitch, however, flutter
solutions were found where none exist in the absence of the free surface,

for practical values of mass ratio and pitch-axis position.
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SUMMARY

The study reported herein was directed to analytically investigating
the flutter characteristics of a two-dimensional hydrofoil near a free surface,
The problem was treated for the hydrofoil having either one or two degrees
of freedom. The flutter equations incorporate the lift and moment as
determined from the exact linearized potential solution for the flow about
a fully wetted hydrofoil oscillating in pitch and/or plunging. The effects of

the free surface are incorporated in this solution without approximation,

Because the hydrodynamic loading is a function of two parameters
involving flutter speed (i. e., Froude number and reduced frequency), it was
necessary to generate flutter boundaries by a method of cross-plotting.

This situation is analogous to the one encountered in flutter calculations for
compressible flow, in which case loading depends on Mach number as well

as reduced frequency,

The hydrodynamic lift and moment are greatly altered by the effects
of the foil-induced surface waves when the flow is oscillatory. It was
expected, therefore, that a comparison of results with those for infinite
depth would reveal large differences in the flutter characteristics. It was
found, however, that when the system is free to oscillate in both pitching
and plunging, there is very little effect on flutter speed attributable to the
free surface. Omission of free-surface effects, even for submergence
depths as small as one semichord, would generally produce the correct
variations in flutter speed for a wide range of parameter values, with the

results usually being somewhat conservative,

The situation was found to be markedly different when the system
was constrained to move only in pitch, The results contrast sharply with
those for infinite submergence depth, While in the latter case flutter only
occurs when the pitch axis is forward of the quarter-chord point, free-

surface effects cause flutter, at a relatively low forward speed, for the

iii BB-1629-S-3



pitch axis positioned aft of the quarter-chord and forward of midchord. In
the absence of the free surface, fluid density must be much less than that

of water for flutter in a single degree of freedom to occur., The results
obtained indicate, though, that at finite submergence depths a hydrofoil
would flutter in a fluid with the density of water. It is pointed out that flutter
of this type could present a problem when a hydrofoil is constrained to move

primarily in pitch, as could be the case when it is used as a control surface,
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1. Introduction

The similarity in the design problems of aircraft and hydrofoil boats
has understandably led to numerous applications of aeronautical technology
in the analysis of hydrofoils, Of particular interest have been the recent
investigations of hydroelastic instabilities (see, for example, References
1 and 2) which correspond directly to flutter of aircraft, The hydrofoil
flutter problem may be contrasted with that of the airfoil, though, in that the
hydrofoil is subjected to the effects of a free surface. The unsteady motions
of a hydrofoil cause surface waves which markedly alter the hydrodynamic

loadings.

Previous analyses of hydrofoil flutter have either omitted free-surface
effects or crudely approximated them, because an exact representation was
not available. The study of hydrofoil flutter reported below, however,
incorporates the lift and moment as computed from an exact linearized
potential solution for the flow due to an oscillating hydrofoil near a free

surface, The derivation of this solution is reported in Reference 3.

This study was directed to determining the extent of the influence of
the free surface on the hydroelastic characteristics of a two-dimensional
hydrofoil having either one or two degrees of freedom (i. e., pitching and/or
plunging). No attempt was made to carry out a complete parametric study.
Rather, selected system parameters, primarily mass ratio and the ratio of
uncoupled natural frequencies, were varied, so as to define flutter boundaries
which could be compared with those that would obtain in the absence of a

free surface.

In Section 2, the equations of motion are developed and the method
ised for computing flutter points 5 outlined. The results of the computations

are presented and discussed in Section 3,
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Z. Development of the Flutter Equations

2.1 Discussion of the Hydrodynamic Forces

As a consequence of the study reported in Reference 3, it is
evident that the hydrodynamic lift and moment acting on an oscillating hydro-
foil can be significantly affected by the presence of the free surface. The
extent of the influence of the free surface can best be seen by reproducing
certain of the results of Reference 3, Consider a hydrofoil of infinite span

and chord 26 oscillating in pitching and plunging, as shown in Figure 1,

/—T\"v

y |
. +

¢ a.%.m-p\@}\ hebhy &'

T b+ ey
|

¢

FIGURE 1
Schematic of the System Analyzed

The expressions for the complex amplitudes of the hydrodynamic lift and
moment per unit span may be written as foilows (see Reference 3), with

lift . nondimensionalized by 277'/0U2b and moment M by V/OU‘b‘.'

3
3 k . L k
L= -2—(h‘,-a,czo + ‘z-ao+ ¢kH,‘(/7,-a.a°)+H2‘(l+ %)a‘, (1)
ik Kk’ . Lk
M= (-2— + e_)“" + kHy(h, - ac,) +H,,,(/+7—) @, (2)

M is the moment about midchord (positive nose up), h,,&, and a are

7%
defined through Figure 1, and k‘-u—b is the reduced frequency. The functions
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My, +Haq » Miae 3nd Hy,depend on k&, o and the Froude number £ ¢ .
Each of these functions reduces, in the limit of infinite submergence de;’)th.
to the classical Theodorsen function. Thus, the deviation of any given
function from the Theodorsen result can be considered as a measure of the
effect of the free surface on the hydrofoil lift and moment. Since the
functional form of each of the functions is quite similar, it is only necessary
to consider one example to illustrate the general effect of the free surface.
As an example, the real part of #,, is plotted in Figure 2 versus reduced
frequency, for a depth of one semichord and a Froude number of unity. The
curve is compared with the real part of the infinite-depth (Theodorsen)

function in the figure.

D = DEPTH IN SEMICHORDS
FROUDE XO. F = 1.0

0.2

FIGURE 2

Comparison of H,f for F=71 and D:/ with the real part
of the Theodorsen function
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One can see that the most striking characteristic of this function is its
behavior near the so-called resonance condition (i. e., where i = //W-'").
Physcially, the resonance point can be considered as that point where the
group velocity of the wave caused by foil oscillation is equal to the velocity
of the foil, The result of this is an increase in the amplitude of the waves
with an attendant significant change in the velocity distribution about the foil.
The modified velocity distribution, in turn, greatly affects the lift and

moment,

The difference in behavior of the hydrodynamic functions for
finite and infinite depth is the motivation for this study, since the marked
change of these functions near the resonance point could have an appreciable
effect on single- and two-degree-of-freedom instabilities. It should be noted
that, in the results presented below, flutter data corresponding to values of
reduced frequency lower than the resonant frequency are lacking. Generally,
there were insufficient lift and moment data to adequately define a flutter
boundary for this range of reduced frequencies., However, calculations for
selected values of reduced frequencies below resonance produced flutter

speeds greater than those calculated for reduced frequencies above resonance,

2.2 Equations of Motion

The equations of motion for a hydrofoil undergoing simple
harmonic pitching and/or plunging motions in the absence of structural
damping, when nondimensionalized, may be written in the form (see, for

example, Reference 4)

¢ 2
hop +/.ox¢a,-h°,w(%ﬁ) ~ %3 =0 (3)
2 9
h,px¢+a,pr£-a,/»rj(%) +:3(M+Zal) =0 (4)

In the above equations, . denotes the mass ratio (= m/rr/ob‘) y X b
the distance of the center of mass aft of the elastic axis, ryé the rad us of
gyration about the elastic axis, wj, the uncoupled natural bending frequency,

and <, the uncoupled natural torsion frequency. Combination of equations

4 BB-1629-S-3



(3) and (4) above with (1) and (2) of Section 2.1 yields the following form for

the equations of motion:

ho [(s (1= (0h[w)?) -28,) - 2iB)+ @, [z -285) - 2i6,] <0 (5)

ho [+ )+ iBa]* @ [(mrd(1-(walw)*+ 8,) riy ] = O. (6)

The quantities g, , 4, , &, . B, and §, , §, , 83 , &, are defined as:

H yrr 2a Hy
E = {n P em——
B = - [Lmsari

- (A e

A L ¢

1 M

oo {703
4
s H'L
R

ZHE| . Hi&  HL ,}
+ - N~
k ] kT 2k 8

b 4 ¢ 4
6 f a[fE o 2A 2] Lot 1

2a% o H 2rp
= - HE +— 4+
§ ] k¢ T2k T k?

4

w[l*fﬁ+ﬁz“'- H':
k k? k k

b 4 ”
S { ofLts P ), Hu -ﬁ}
3 2 k P 24

S, =

.4
M / Hi M2

) ———m o — - 5
{ k? 2% A2 24

The superscripts (R) and (J) denote real and imaginary parts, respectively
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If Equations (5) and (6) are to have a nontrivial solution, the
determinant of the coefficients of A, and &, must vanish, This requirement
provides two relations which must be sutisfied at a flutter point, since the
real and imaginary parts of the (complex) determinant must each equal zero.
The method used for obtaining solutions to these two equations is discussed

below.

2.3 Method of Solution of Flutter Equations
2,3.1 Two-Degree-of-Freedom System

The method of solution used in this report for solving
the flutter equations in the case of two degrees of freedom consisted, first,
of specifying the system parameters 0 , £ , k ,¢ , Z, , rq and a
and solving for the values of (w, /w)and (w_ w)that would satisfy the equations
in question, It should be noted that the specification of o , £ , and £k was
sufficient to determine the hydrodynamic lift and moment. The numerical
calculations were performed on an IBM 7044 computer, The computer

program used is described in Appendix A Section (a).

The seccond step used in generating appropriate flutter
boundaries was to plot an intermediate graph of the form shown in Figure 3,

7
where the ordinate is given by u.)ai/-f = Fk -“—f.

first, this intermediate plot rather than the usual plot of t//bu.)‘ vs, “)h/u)a

It is necessary to obtain,

from the solutions a‘/u),a)‘/w. and the input data, since the latter plot
would consist of a family of curves with Froude number as the parameter.
These curves could not be regarded as flutter boundaries, since both the
ordinate and the parameter, Froude number, are functions of velocity. The
purpose of using the intermediate plot with ordinate u{,/.;é is to remove this
difficulty. The situation is analogous to the one encountercd in the flutter
analysis of an airfoil in compressible flow, where loading is a function of
reduced frequency and Mach number. The final form of flutter boundary is
generated from Figure 3 by constructing a cross-plot of L//ba)a Vs, d);,/u)z
for constant values of “)arl/gz where the ordinate is given by

v F

bwa' warb/y |

6 BB-1629-S-3




Tt T T

F--:—'-“‘“--"*

0 0.1l 0.2 0.3 0.4% 0.5 0.6 0.7 0.8 0.9
W, [ Wy

Figure 3 EXAMPLE OF PLOTS USED TO GENERATE FLUTTER BOUNDARIES
FOR THE SYSTEM HAVING TwWO DEGREES OF FREEDOM
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Flutter boundaries with 4 as an independent variable
were also constructed. These were generated by using an intermediate
graph similar to Figure 3, except that, for this case, Froude number is
held constant and 4. is the parameter of the family of curves. Data from
a series of these graphs, each for a constant Froudc number, were then

g . ; v
obtained for a given value of 2y thereby allowing a plot of e VS M
«

to be generated.

2,3.2 Single-Degree-of-Freedom System

The flutter equations for a single-degree-of-freedom
system can be deduced from Equations (5) and (6). For example, a foil

which has infinite stiffness in torsion has the following flutter equations:

p[i-(wh/w)z]-#é + -%i =0 (7a)
Hie  _ .
" =0 (7b)

For the case in which there is infinite stiffness in the bending mode, Equation

(6) gives
porg [1~(y/w)?] + &, =0 (8a)

S, =0 (8b)

Since only flutter in torsion was treated, comments concerning the method of
solution refer to Equation (8). However, the methods of solution of Equations
(7) and (8) are analogous. The computer program used to solve Equation (8a)

and (8b) are described in Appendix A Section (b),

As noted previously, the specification of the parameters
O , £, and £ are sufficient to determine the hydrodynamic functions.
Therefore, Equation (8b) may be solved for @ once 0, £, and k£ are
specified. Equation (8a) may then be solved for (u)a,/w)using the value of @
calculated from (8b) and the specified values of /Lr': . The solution for

(u)y /) can be written as
a)a _ 51 Y2
(7) ) [’ +/bra’] ) s

8 BB-1629-S-3




A plot of w‘/}_ vs. a. can then be generated, where the ordinate cdq/;é is
expressible, from Equation (9), in the form
‘”w/g - f'b[m;‘;’zr". (10)

It was found that a more complete definition of flutter
boundaries could be obtained with the hydrodynamic data available if /u'; 5
rather than @ , were made the independent variable, Thus, intermediate
plots of wa,l/; vs, @ were first formed, for specified values of D and £ ,
with ﬁr,‘ as parameter. As an example, one of these intermediate plots
is shown in Figure 4 for p:7 and F=7 , Next, cross-plots of ada,/.gz vs,
/6"“ , for a specified value of @ , were constructed, with Froude number
as parameter, Finally, values of a{./’-? were selected and the curves of
U/bdy V8. ,ur: generated from the latter plots.

9 BB-1629-S-3
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3, Discussion of Resulte

3.1 Flutter in Two Degrees of Freedom

The computations with both pitching and plunging degrees of
freedom included were directed primarily to obtaining an indication of the
magnitude of free-surface effects, rather than to generating a complete
parametric study. Thus, submergence depth was maintained at one semi-
chord, while a single value of 0.2 for mass imbalance x, was used and

r} was kept at a value of 0, 35,

In Figures 5, 6 and 7, dimensionless flutter speed U/balais
shown plotted against W, /u), for values of @ of -0.1, -0.2 and -0. 3,
respectively. On each figure, the flutter boundaries for a)a/g of 0,75 and
1. 35 are shown, together with the curve for infinite submergence depth.

The value of £¢ is 1. 3 for all these boundaries.

Most surprising about these results is the similarity between
the curves for finite and infinite submergence depths, Figure 5 shows no
appreciable effect of the free surface on flutter speed, Figures 6 and 7
indicate that, if the pitch axis is moved forward, the free surface has some
stabilizing effect, but the shift in the curves can hardly be termed substantial,
It might be reasoned that the surface waves which are generated would tend
to stabilize the system by carrying off energy, but the effects would be
expected to be much larger because the hydrodynamic loading is so greatly

affected by the free surface.

In Figures 8, 9 and 10 are shown flutter boundaries, obtained
by cross-plotting, with 4 as abscissa, for &}/ of 0.2, 0.5 and 0, 75,
respectively, Again, each figure shows the curves for u)"g of 0. 75 and
1. 35 together with the one for infinite depth., Pitch-axis position @ is -0. 2
for all three of these figures. The free surface is again seen to have very
little effect on the flutter speed. As in the previous plots with w;,/u)a as
independent variable, the surface waves have some stabilizing influence,
particularly for a),;/.gl— = 1, 35 and for the two smallest values of a)h/a)a.
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It would appear, then, that despite the large effect of the free
surface on the hydrodynamic loading, the flutter of hydrofoils having two
degrees of freedom can be adequately predicted without taking account of
the free surface for submergence depths as small as one semichord.
Omission of free-surface effects would generally provide conservative
results, and the over-all effects of various system parameters would be

correctly obtained.

3.2 Flutter in a Single Degree of Freedom

In contrast with the situation for two degrees of freedom, the
dominance of free-surface effects in the hydrodynamic loading was found to
greatly alter the flutter characteristics of a hydrofoil with just one degree
of freedom. A system of the type being analyzed here, in the absence of
free-surface effects, is extremely resistent to flutter when one of the two
degrees of freedom is removed. A two-dimensional hydrofoil at infinite
submergence depth will not flutter at all if motion is allowed only in plunging,
and if it is just free to pitch, flutter only occurs when the pitch axis is ahead
of the quaiter-chord point (i. e., a,<:21 ) and the mass ratio g is much
greater than would be encountered by a hydrofoil (see, for example, Refer-

ence 5). The addition of free-surface effects was found to alter this situation

markedly.

Consideration was limited to flutter in pitch., It appears that
flutter in plunging is possible, but it would occur over a very restricted
range of reduced frequencies for which lift and moment data were not
available, The results of the computations are shown in Figures 11 and 12,
where the dimensionless flutter speed U/ba)a is plotted against /4/‘; for
selected values of pitch-axis position and w“’/z. The values for a selected,
i.e., -.112, -,201 and -.266, were not chosen completely arbitrarily;
judicious choices for the values of q greatly facilitated the definition of
flutter boundaries because of limitations in the amount of hydrodynamic
data available. Again, computations were only performed for a depth of
one semichord. It appears, however, that flutter characteristics similar
to those obtained would be evident at other finite depths.
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The results of Figures 11 and 12 indicate that the effects of a
free surface are extremely destabilizing for flutter in pitch alone. At finite
submergence depth, flutter occurs when the pitch axis is aft, rather than
forward, of the quarter-chord point, Instead of there being a minimum in
,w"; below which no flutter occurs, as is the case for D00, the system
becomes progressively less stable as /_(,r; decreascs. Generally, the
reduced frequencies for flutter were found to lie quite near the critical
values., This unusual flutter instability may therefore be attributed to the

singular behavior of the hydrodynamic loading near the resonance condition,

Instabilities of this type could conceivably be significant in
some hydrofoil applications. For example, a hydrofoil used as a control
surface could have a pitch frequency, as determined by the stiffness of the
control linkages, which is much less than its bending frequency. The foil
would taen effectively have only a pitching degree of freedom and, so, would

be subject to the type of flutter predicted here.
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APPENDIX A

DESCRIPTION OF THE COMPUTER PROGRAM

(A) ""Hydrofoil Flutter Program 2 Degrees of Freedom"
Written by H, Selib at the Cornell Aeronautical Laboratory , Inc,

The purpose of the IBM 7044 Fortran IV program generated was
to obtain a solution to the equations of motion (3) and (4) of Section 2.2,
These equations were solved to obtain the frequency ratio ( Wy /e, ) for
. . z
given values of the input parameters namely, D, k, F, a, Moy Py b Xy
92 » h and the hydrodynamic functions HIL’ HZL’ HIM' HZM' as

defined in Reference 3,

As noted above the program was written in Fortran IV and consists

of a main program of length 8 2330 (number of octal locations).

The inputs are as follows:

CARD FORMAT
1 16,F8.5 NC (number of cases for one set of
D, F, k, a values); a
2 9F8,5 D, F, k
3 9F8.5 RH 1L’ IHIL; RHZL’ IHZL; RHIM'
H) M5 RH i THy
4 9F8, 5 up to Card NC + 4:p4, 25 , rz , 9a » 9n

The program print out fior the case of two degrees of freedom flutter consists
177 ), = .
of values of _“_JQ -;)—Ii and products of these quantities with F and k which are

of interest, In addition quantitites Ll’ L‘Z’ L3, L4, Ml’ MZ' M3, M4 are
included in the print out, These quantities can be related to quantities defined

on page 5 of this report as follows:
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The program listing is contained on the following pages,
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$IBFTC ZZFLTR LIST,RLF

C HYDROUFOUIL FLUTTER PRUGRAM - TWU DEGREES UF FREEDUM

G REVISED - 5720763

ODIMENSION AAMU(LOO0) yXXA(100),RRA(L102),GGA(L100),4GGH(L10D)

CUMMUN AAMU,XXA,RRA,GGA,GGH

COMMUN DoFoAK o AgNCoRIL XTLILIRIMyXTIMyR2L yXI2L yR2My X]I2MyXLL1yXL2,
XL3gXL&g XML g XM2,XM3 9 XMG o AMU ¢ XAyRAZGAyULHy V] gyV2 )AK]l ,AKZ2 AK S,
AKG3CLloCcoC39CayBOoBLyBLeDISCoLLeSQDySIGL,SIG2eSIHL,SIH2,
WAL2 WA22 ¢ WHL12,WH22 s WAW L ¢ WAWZ g WHIWAL yWHWA2 , VBWAL y VUWAZ2 yRHK AL
s RHBA2,CHBA]Ll,CHBA2 ,FBWAV],FBwAV?

L.U0 FORMAT(I64F8.5)

lovl FORMAT(9+B8.5)

1,02 FORMATL(Z/77/7 )

1.ou3 FORMAT(LIHL42X33HTWO DIMENSIONAL HYDRUFOIL FLUTIER // )

S VN -

Lovue FORMAT(33X3HD =F6.3,10XTHA 369,39 10X4HXA =F6.3 /73IXIHF =F6.3,
1l LUXTHMUY 2FB8.3)1)XGHGA 2F6¢3 /33XIHK =2F6.3,10XTHRA®e? =

LouS FURMAT(@LXI3BHDISCRIMINANIL [S NEGATIVE - NU SOLUTION /77 )
Loub FORMAT(2IX12H(IWA/W)]Llee2 =F 12,3, SX12H(WA/W)2802 =Fl2.3,y ZX]IH=y 2K

| LINNO SOLUTION /77 )
1.07 FORMAT(Z2LXLIZ2H(WA/W)2®e2 =Fl2.3, S5X&BH{WA/W)lee2 S POSITIVE = NO S

LOLUTIUN FOR (wWA/W)2 /7 )
1,08 FORMAT(33X12H(WH/W)1lee2 =F12.3,5X23HNU SOLUTIUN FOR (wWH/WILl /7 )
1509 FORMAT(Z2J0)X1lH(wWA/NW)1] zFl12.3 /20X11H(WH/WA)]l =Fl2.3 /2.X

| 1LH{V/BWA)]l =F12.3/720XLIH(FBWA/V)L =F12.3/20X11HR(HI/BA)] =

P4 Fl2¢3 /729XL1IHI(HO/BA)]l =Fl2.3 )
110 FOKMAT(33X12H(wWH/W)20e2 =F[2,3,5X23HNO SOLUTION FOR (wWH/w)2 /7 )
1,11 FORMAT(R2OX1IHIWA/W)] 2F12.3,30X11HIWA/W)2 zFl2.3 /729X
LIH(WH/WA) L =F12e3930X]1IHIWH/WA)2 =F12.3/720X11H{V/HBNA)]L =
F1263330XLLHIV/BWA)2 =F12.3/723X11IH(FBWA/V)] =Fl2.3,3.X
11H(FBWA/V)2 =F12.3/720X11HR(HU/BA)] =FL12.3,30X11HR(HI/BA)Z =
F1243/720X11HI(HO/BA)]L =Fl2.393UXL1IHI(HI/BA)2 =Fl243 )
1.12 FORMAT(48X24HAERUDYNAMIC CUEFFICIENTS //730X4HL]L =FHB.3,5X4HL? =FH.)

1 v OXGHL3 =FB,39y5X4HL S =FB.3 /3IX4HM] =FB8,3,5X4HM2 =FR.3,

2 5X4HM3 =FB,.3,5X4HMG =F8,.,3 // )

Z READ 10U0eNC,A
READ 10UL,DyFyAK
3 READ 1001 oRIL o XILLoR2L o XIZLgRIMyXTILIMoR2M,X]I2M

S wnN -

@ XLl = 1.0¢2.0eX[1L/AK
XLE = =2.0*R]IL/AK
XL3 = -A¢(XI2L-2.0eAeX[IL)/AK=-2.,00R2L/AK®®?2
XLé = =(1e0¢R2L~2.0®AsR]IL)/AK=-2,00X]2L/AK08?2
5 XMl = -A=(X[I1Me2.00A0X]]1L)/AK
XM2 = (R1M#2,0sAR]1LI/AK
XKM3 = ,125¢A002¢+ (A0 X]IM=-XI2L} =58 (X]|2M-4 . 0A002eX]]1L))/AK¢(R2Me2 0
i AeR2L)/AK® 02
6 KXM4 = (Ae(]l.,04RZL =RIM)=.5¢(1.0-R2M)=2.,00A002eR]L)/AK*(X|2Mt2,00Ae
1l XI2L)/AKe o2
DO 7 [=1,4NC
READ 100LsAAMUL L) s XXA(T)sRRACT)oGGALL) GGHIIT)
7 CONTINUE

00 40 I=1,NC
AMU = AAMUI(I)

KA=zXXA(])
8 RA = RRA(I])
SA = GGA(1)
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GH = GGH(I)
9 vl = GCHeAMU-XL2
V2 = GA*AMU®RA-XM4

10 AK1l = V2-GHeXM3
AKZ = XL1leV2eXMiaV]+AMUeXA® (XM2+XL4) e XLIoXM2eXMLleXL G
AK3 = GA+GH
AK4 = GAeXLI-VL
11 Cl = -(XL1¢GAeV])
L2 = =XL1leXM3evV]iev2e+AMUXA®(AMUSXA+XLI¢XML)eXL3IoXM]L-XM20XL G
C3 = 1.0-GAeGH
Cé = XMI+GHeV?2
12 B0 = CleAK3+(C3e0AK4
Bl = C2¢AK3+C4eAK4~-CleAK1-C3e0AK2
B2 = -(C2eAK1+C4rAK?2)

IF(BOI120,13,13
120 B0 = =80
Hl = -8Bl
B2 = -B2
13 DISC = Blee2-4..080e82
IF(LL)L14, 15,14

14 WRIIE (6 ,1002
GO TU le6
15 WRITE (6 1003
16 WRIIL (6 31004)LA XAy FoAMU,GA AK,RA,GH
160 wRITE {6 plOL12)XL Lo XL2o XL 3o XL & o XMLy XM29XM3 XML

17 LL = LL¢1
IF(LL-3)19,18,18
18 LL =0
19 IF(D1SC)20,21,21
2J WRITE (6 41005
GO TU 4C
21 SQUL = SQRT (0DISC)
SIGL = (-B1-SQD)/(2.089)
SIGZ2 = (-B1¢SQD)/(2.0%8))
SIHL = (SIGLeCl+C2)/(SIGleC3¢C4)
SIHZ2 (SIG28CL+¢C2)/7(S1G22C3¢C4)
22 wAl2 1.0-SIGLl/ (AMU®RA)
wWA22 1.0-SI1G2/(AMU®RA)
wH12 = 1.0-SIHL1/AMY
wH2Z = 1.0-SI[H2/AMU
23 IFIWAL 2)24424+¢5

24 WRITL (6 ,1006)WAL2,WA22
60 TU &u

25 WANW] = SQRT (WAlZ2)
[F(WA22)26926,260

26 WRITE (6 »1007)wWA22

260 IF(WHL12)27,28,28

27 WRITE (6 »10UBIWHL2
WHWAL = 99999,)
oU TU 29

28 WHWAL = SQRT (WH12)/wWAW]
29 VBWAL = 1.0/ (AK®WANW])
FBWAV] = FeAKeWAW]
RHBA]l = (AMU®XA+XM]1)e(AMUSRA®(WAL2-1.0)-XM3)eXM2e(WAL20GA~XM4)
CHBAL = (AMUeXA#XM]Ll)o(WAL20GA-XM4)=-XM2e( AMUSRAS(WAL2-1.))=-XM3)
30 IF(wA22)31,31,32
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31 WRITE (6 ,1009)WAW],WHWAL,VBWAL,FBWAV],RHBAL,CHBAL
%0 10 4«9
32 WAW2 = SQRT (WA22)
[F(wH22)33434,34
33 4RITL (6 +1010)IwWH22
WHWA2 = 99999,.)
GO TUu 35
36 WHWA2 = SQRT (WH22)/WAWZ2
35 VBWAZ2 = 1,0/(AKeWAW2)
FBWAVZ = FeAKeWAW?
RHBAZ = (AMUeXA+XM]l)e(AMUGRA®(WA22-1.0)-XM3)eXM20(WA220GA-XM4)
cHBA2 = (AMU®XA+XM])e(WA220GA-XM4)~XM2e (AMUSRA® (WA22-1.0)-XM3)

36 WRITL (6 L1011)WAWL WAWZ2 WHWAL yWHWAZ2, VBWAL,VOWAZ2,
l FBWAV] ,FBWAV2,RHBA]l ,RHBAR2,,CHBA]l,CHBAZ

40 CONTINUE
60 Tu 2
END
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(B) ""Hydrofoil Flutter Program ., . . | Degree of Freedom -
Pitching"
Written by H, Selib at the Cornell Aeronautical Laboratory, Inc.

The purpose of this IBM 7044 Fortran IV program is to solve
Equatlons (8a) and (8b) of Section 2. 3.2 for ( “ and a) once the values of
>, F, k, &P"'a. have been prescribed, The spec1f1catlon of D, F, kis
sufficient to determine the hydrodynamic functions HIL' HZL’ and HIM'

HZM' defined in Reference 3, and involved in Equations (8a) and (8t),

In the following the main program of length 8 1013 (number of
octal locations) was written in Fortran IV, The subroutine clear of length8

27, used to zero common storage, was not written in Fortran IV but is a

"MAP" program,

The inputs are as follows:

CARD FORMAT
2
1 9F8.5 M a
2 9F8.5 D, F, K, If D = 99999999 start with
a new value for ,u.,r‘;
3 9F8,5 RHIL' IHIL; RHZL' IHZL; RHIM' IHIM’
RH, 0o 1H,) 0

The program print out for the single degree of freedom system consists of

values of q, ﬂ‘, wh /2, & — as functions of D, F, k and ,u,r 5

The program hstmg follows on the next page,
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$IBFTC ZZ1FLT LIST,REF

c

5

1Jul

19
1.02

11
12
1,03

HYUORUFOIL FLUTTER PRUGRAM - UNE DEGREE OF FREEDOM
COMMON AMURAZ NLINyDyFyAK FILyGILyF2LyG2LyFI1M,GIM,F2M,G2M,B,C,
1l DISCoylFLLYJFLG)KFLGyAL A2, WAL2,WA22,WBGLl,yWBG2,UBWL yURNW2,

l WAL ,WA2

EQUIVALENCE (DyND)

READ 1000, AMURAZ

FORMAT (9G8.5)

NLIN = 0

CALL CLEAR(DyWAZ)

READ 1000,0,F,AK

IFINVD.EQe99999999) GO TU 1

READ 10009F1LGILF2LyG2LyFIMyGLlMF2My(2M

B = (leu*F2L-FIM*¢2,08C2L/AK)/(4.V0F1L)

C = (F2M+2.00G2M/AK=1.0)/(400F1L)

DISC = Bee2+(C

IF(DISC.GT.0.0) GO TU ¢

IFLG = 2

50 Tu 9

IFLG = ]

Al B+SQRT(DISC)

A2 = B-SURT(DISC)

WALZ2 = 1l.0+{Alee2e(]l.0¢2.00CIL/AK)¢ALle((GLIM=-G2L)/AK+2,0F2L/AKea2)
l +e125-.50G2M/AK+F2M/AKe2) /AMURA2

WA2Z = 1eG+(A20020(|,0¢2.00GIL/AK) A2 ((GIM=-G2L)/AK*+2,00F2L/AKna2)
1l +.125-.50G2M/AK+F2M/AKne2) /JAMURAZ

It(wAl2.6T.0.0) GO TU 6

JFHLG = 2

WAl = -SQRT(-WA]l2)

S0 1L 7

JFLG = 1

WAl = SUQRT(WAl2)

WBGL1l = WAleAKeF

JOWLl = |.0/(AKewWAL)

IF{WA22.6T.0.0) GO Tu 8

KFLG = 2

AAZ = =SQRT(-WA22)

50 Tu 9

KFLG = |

wA2 = SQRI(WA22)

WHGZ = WA2eAKeF

UBwe = 1.0/7(AKewA2)

IFINLIN.EQ.V) WRITE(6,1001)AMURA2

FOURMAT { 1H] ¢52X26HHYDRUFUIL FLUTTER IN PITCH //53X14HHMUsRALPHA®E? =
l £12¢5 //714X1IHD9 lOX1IHF o lOX1IHK, leX1HAyl4X4HWA/ Wy 8X

2 12HWA®SQRT(B/G)y TX6HU/BeWA, LUX6HBRe2+(C )

SO TU (llelu)eltLG

WRITE(6,1002)D4F9AK,DISC
FURMAT(FlT742¢F13.59F10.5,F81.5)

NLIN = NLIN¢]

GO0 TuU 17

00 TU (12513),JFLG
WRITELG6,1003)0DsFoAK AL WAL ,WBGLlUBW1,0DISC

FORMAT (FLlTe29Fl3e5iFl0e59F1S5:59FLl6e9¢FLlBe5¢FL15.5:F17.5)
NLIN = NLIN¢]

GO TL 14

29 BB-1629-S-3



13 WRITE(691004)0sF9yAKyALy WAL, DISC
NLIN = NLIN¢]

14 GU TU (15416)KFLG

15 wRITE(6,1005) AZ,WA2,WBG2yUBNW2

1,05 FORMAT(F55¢59FLl6.5¢F1B8e59F15.5)

NLIN = NLIN¢L
GO Tu 17

16 WRITE(641005) AZyWA2
NLIN = NLIN¢1

17 IF(NLINCGESIINLIN = O
GO0 TC 2
END
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